XIX Mixcuapoona nayxkoeo-mexniuna xonugpepenuis ,, [IPUH/IA/IOBY/IYBAHHA :
cman i nepcnexkmueu’, 13— 14 mpaena 2020 p., KIII im. 120psa Cikopcvkozo, Kuie, Ykpaina

CEKIIIA 8
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THOOPMAIIMHO-BUMIPIOBAJIBHI TEXHOJIOT'Ti OBJIIKY
EHEPT'OHOCIIB

YK 621.311.001.57(063)
CUCTEMA TEXHIYHOT'O JIATHOCTYBAHHA EJIEKTPOITPUBO/IB 3
BUKOPHUCTAHHSIM CMAPT TEXHOJIOI'T!

3axnaonuii O. O., Ilpokonenxo B. B., Kynvoaunuii I1. B., I pebeniox T. B.
Hayionanonuu mexniunuu ynisepcumem Ykpainu
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Ha cydacHomy erami po3BUTKY MPOMMCIIOBOCTI y OUIBIIOCTI PO3BUHEHHUX KpaiH
CBITy 3HayHa yBara NPHIUISETHCS MUTAHHSIM BIPOBAKEHHS B IMPOMHUCIOBICTH
IHTEJIEKTYyaJIbHUX TEXHOJOTIM SIK OCHOBM 1HHOBAIIMHOTO PO3BUTKY. B sKoCTI
Cy4acHUX eHeproePeKTUBHUX PO3p00OOK BUJIIAIOTh aBTOMAaTH30BaHI
caMOperyJjibOBaH1 CUCTEMH, 3aCHOBaH1 Ha MepeIoBUX 1HOOPMaLIHUX TEXHOIOTIIX —
«IHTENEKTyallbH1» MEpexi, SKi B TOMY YHCII CIPOMOXHI MIABUIIWTH HaAIMHICTDH
CIOKMBAYIB, TOJNI SIK CIIOXKHBAHHS EHEPropecypciB CTa€ OLIbIl €KOHOMIYHHUM, 3
00OMEXEHHSIM HETAaTUBHOI 111 Ha €KOJIOTIIO.

OCHOBHMM ICTOTHUM HEJOJIKOM CY4YaCHUX ICHYIOUHX 3ac001B J1arHOCTYBaHHS
SJICKTPOTIPUBO/IIB € HEBpaXyBaHHs 3B ‘A3KiB MiXK IIPOIECAMH ITEPETBOPEHHS €HEprii Ta
ix wacmigkamu. BxazaHuii HEIONIK HE [03BOJISIE BCTAHOBUTH MPHUYWHH, IO
OPU3BOJATL JO TOTIPIIEHHS €HEpProeEeKTUBHOCTI, BUHUKHEHHS 1 PO3BUTKY
HECTIpaBHOCTEe Ta aBapiil. Tomy 3amaua po3poOKH CydaCHHX IHTEIEKTyalbHUX
3ac001B J1arHOCTYBaHHS € aKTyaJIbHOIO.

Opnier0 3  CKIAJAOBUX CMapT TEXHOJOTIH € CHUCTEMH MOHITOPHUHTY
€HeproobsagHaHHs, AKI OXOIUTIOIOTHh PI3HI ACMEKTH, y TOMY YHUCII YIpPaBIIHHA 1
MOHITOPUHI CTaHy €JEKTPOTEXHIYHOTO 00JaJHaHHSA NMPOMHCIOBOTO BUPOOHMIITBA —
Asset Management, B TOMy YHUCJI €JIEKTPONPUBOIM, 1 SKI MOXKHA OIMHMCATH TaKHUMH
O3HAaKaMH: MiJBUIICHHS HAIIAHOCTI MMPOMUCIOBUX MIANPUEMCTB Ta 0€3BIIMOBHOCTI
pPOOOTH €JIEKTPONPUBO/IIB; MABUIIIEHHS €()EKTUBHOCTI CIIOKMBAHHS €HEPTropecypciB
31 30epekeHHSIM HEOOXITHUX IapaMeTpiB SKOCTI MPOAYKIli; YNpaBIiHHSA 1
MOHITOPHHT CTaHy €JEKTPOIPHUBOJIIB MPOMHUCIOBUX MiAMPUEMCTB; TMEpexiy Ha
TEXHIYHE OOCIYrOBYBaHHS 1 PEMOHT €JIEKTPONPHUBOMAIB 32 (DAKTHUHUM TEXHIYHUM
CTaHOM; BEJIMKAa KUIBKICTh JATYHKIB, sIKI BUMIPIOIOTh MOTOYHI PEKHUMHI MapaMeTpu
I OLIIHIOBAHHSA CTaHy €JIEKTPONPHUBO/IIB B PI3HUX PEXHUMAX POOOTH; cucTema 300py
1 00poOkM JaHMX (BHCOKOIHTETPOBaHI KOMIUIEKCH OINEPaTHUBHOIO YIPAaBIIHHS B
PEXHUMI PEaNbHOTO 4Yacy 3 BpaxyBaHHSM EKCIEPTHHUX Ta PO3PAXYHKOBHX CHUCTEM
YXBaJICHHS PILLIEHB).
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OcTaHHIM YacoM OTpPUMald PO3BUTOK METOAM JIIarHOCTYBaHHS CTaHy
eJIEKTPOTIPUBO/IIB, 3aCHOBaHI Ha MOHITOPHHTY CIIOXHTOTO CTPyMYy 3 BHUKOHaHHSM
CHEI[IaIbHOTO CTEKTPaJbHOTO aHali3y OTPUMAHOTO CHTHATy, IO JO03BOJIIE 3
BHCOKOIO JTOCTOBIPHICTIO BH3HAYaTH TEXHIYHWHA CTaH eleMeHTiB. [IpuHumm meromy
MOJISITAa€ B TOMY, 1110 OyIb-51K1 30ypeHHS B pOOOTI MEXaHIYHOI Ta €JIeKTPUYHOI YaCTUH
CJIEKTPOIIPUBOAY 1 MOB'SI3aHOTO 3 HUM MEXaHI3My MPHU3BOAATH 10 3MiH MarHiTHOTO
MOTOKY B 3a30pl EJNEKTPUYHOI MAIIMHH, a OTXKE — N0 CJIa0KoT MOMYJIii
CHOKUBAHOTO CTpyMmy. [losiBa y CHEKTpi CTpyMy EJIEKTPONPHUBOAY XapaKTEPHHX
YaCTOT CBIAYMTH MPO HASBHICTH MOIIKOHKEHB €ICKTPUYHOI a00 MEXaHIYHO1 YaCTHH
eJIEKTPOTIPUBO/LY.

MOHITOpPHUHT CTpyMYy €JIEKTPONPUBOIY, Ha BIIMIHY BiJ BIOPOJIarHOCTUKU, MOXKE
OyTH BHUKOHAaHUM O€3MOCEPEeIHhO Ha KJIEMHIM KOpOOIll eJeKTpomnpuBoaa abo B
CJICKTPOIIMTI KUBJICHHSI 0€3 Oy 1b-SIKOT0 MOPYIICHHS PEKUMY pOOOTH.

Ockinbku ¢opMa Hampyrd SKUBICHHS EJIEKTPONPUBOAA HA BHPOOHWYMX
HiAMPUEMCTBAX BIAPI3HAETHCA BiJl CHHYCOITAIBHOT, B OTPUMAHHX CIEKTPaxX CTPyMy i
HANPyTW TPUCYTHI iX TapMOHIKH, ajie¢ HECIIPABHOCTI JBHUTYHA 1 MOB’S3aHOTO 3 HUM
MEXaHi13My BUKJIMKAIOTh BIAMOBIIHI TAPMOHIKH JIMIIIE B CIIEKTP1 CTPyMY.

[lTopiBHSIHHS TapMOHIK HamNpyrd W CTPyMy Ja€ MOXIHUBICTb PO3PI3HUTU
TapMOHIYHI CKJIQJIOBI CTPyMy XapakTepHi JJIs HEMpAIO4Yoro yCTaTKyBaHHs. B
pE3yNbTaTi CTBOPEHHS Ta PETYJSPHOTO TOMOBHEHHS 0a3u TaHWX BUMIPIOBaHb Ta iX
aHaJIi3y B TPOIIECI EKCIUTyaTailii eJIeKTPOMEXaHIYHUX CHUCTEM MOYKHA MPOCTEKHUTH
I[I/IHaMle cpaKTHquro PO3BUTKY OKPEMHUX TIOIIKO/KEHb EJIEKTPOJIBUTYHA Ta
MexaHlsMy 1 TPOTHO3YBAaTH TOJAJBIINN PO3BUTOK HecHpaBHOCTEW. Pi3Huns B
aMIUTITY/1l MK OCHOBHOIO YaCTOTOIO 1 XapaKTEpPHOIO /JIsi KOHKPETHOI HECIIPaBHOCTI €
MOKA3HUKOM KPUTUYHOCTI Je(PeKTy.

CyTh poO3pO0JIIOBaHOI CHUCTEMH [IarHOCTYBAaHHS EJICKTPOIPHUBOJIIB TMOJISATAE B
MOHITOPUHTY 1 NPUUHATTI JIarHOCTUYHMX PIIIEHh Ha KOXHOMY 3 OKPEMHUX
lepapXiYHUX PIBHIB, IO JIO3BOJISIE BUSIBUTH, JIOKAJI3yBaTH Ta YCYHYTH Je(PEKTH 10
TOTO, SIK 00'€EKTH J1iIarHOCTYBaHHS MEPEHAYTh 10 HECTIPABHOTO CTaHY.

[TocnioBHICT, BUKOHAHHS €TalliB JIarHOCTYBaHHS, a TaKoXX aHali3 Horo
pe3ynbTaTiB GOpMyYIOTh aNTOPUTM IarHOCTYBaHHS TapaMeTpiB, SIKHH € OCHOBHUM
JITOPUTMOM POOOTH CUCTEMH. Y BIAMOBIIHOCTI A0 HBOTO (POPMYETHCS BHCHOBOK
070 (PAKTUYHOTO CTaHy EJEKTPONPHUBOJIB 1 MPOTHO3 HOro0 TEXHIYHOIO CTaHy Ha
MaiOyTHe. J[ns moOymoBM — anrOpuTMy — AIarHOCTYBAHHS  BUKOPUCTOBYETHCS
iH(pOopMaLIHHUNA METOJ, 3aCHOBAaHUN Ha BUOOpI MapaMeTpiB 3 MaKCHMAaIbHOIO
1H(pOpMALIi€l0 PO EHEPTETUUHUN CTaH 00‘€KTYy M1arHOCTYBaHHSL.

3aBASKM HAsIBHOCTI MEPEKEBOI MIATPUMKHU JIOKAJIbHI MPHUCTPOi T1arHOCTYBAHHS
TEXHIYHOTO CTaHy eJEKTPOIPHUBO/IB TOEAHYIOTHCS B 3arajlbHy JiarHOCTHYHY
MEpEXKY, 10 SIKOi BBEJICHI KOMIT'FOTEPH TEXHATJISATY, TOJJOBHUX MEXaHIKIB, 1HKEHEPIB 1
MPOMHUCIIOBOTO TIANMpPUEMCTBA B IioMy. Takuii OaraTOpiBHEBUH KOHTPOJb
3a0e3meuye ONTUMI3AIII0 EIEKTPOCIIOKMBAHHS Ta O€3IeUHy E€KCIUTyaTallilo.

Bci mepemideni Buie 3amadl 00’€IHYIOTBCS IIiJT 3arajlbHOIO Ha3BOK «Smart
systems. Asset Managementy. [loTpeba B ocHallleHHI IUPOKOTO KOJia PI3HOMAaHITHUX
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CJICKTPOTIPUBO/IB CUCTEMAaMH JiarHOCTYBAaHHS, MOHITOPHUHTY Ta KOHTPOJIO CTaHY
3YMOBITIOE€ TIOTPEOyY aJanTUBHOCTI HAa3BaHUX CUCTEM. BaXiIuBY posb y 3a0e3edeHHi
IIUPOKUX MOXKJIMBOCTEH CHCTEM HOBOTO IIOKOJIIHHS OyJie BifirpaBaTH pPO3IOILI
0OUYHCITIOBAILHUX PECYPCIB MK PI3HUMHU CHCTEMaMU J1arHOCTYBaHHS, MOHITOPUHTY
Ta KOHTPOJIIO Ha PI3HUX PIBHAX 1€papXii.

Knwouosi cnosa: eHeproeeKTUBHICTh, €IEKTPOIPUBOMA, CMapT TEXHOJIOTI],
M1arHOCTHUKA, TEXHIYHUN CTaH.

V]1K621.313
THE CHOICE OF SUSPENDED INSULATORS FOR CALCULATION
OF STEP-DOWN SUBSTATION OF INDUSTRIAL DISTRICT
BY TOTAL POWER 115 MVA

Jasim Mohmed Jasim Jasim, Mohanad Aljanabi, Waleed Khalid Shakir Al Jubori
Al-Furat Al-Awsat Technical University, Kufa, Iraq
E-mail: com.jm.jasem@atu.edu.ig, com.mhn@atu.edu.iq, waled k@atu.edu.iq

The suspended insulators depend on voltages. In the opened distributive device
(ODD) for hold flexible wires are used the suspended and tightening bunch. The
amount of insulators in the suspended bunch depends on rating voltages of substation
and conditions of environment. If we have suspended insulators on a high voltage
side, it is not necessary to check mechanical strength, becausedistances between
phases are adopt large and on the choice of amount of insulators in a bunch,
mechanical loadings are already taken into account (weight of wires, wind, ice-slick
and other). For devices of normal type are uses: 35 kV — 3 - 4 insulators in a bunch;
110 kV — 6 - 7; 220 kV — 13 - 14. In tightening bunch the amount of insulators is
multiplied by one. At a huge contamination of atmosphere we multiply a bunch on 1 -
2 insulators or apply suspended insulators bunches of special construction with more
developed surface. Sometimes suspended insulators apply in open devices (6-20 kV).
In this case one insulator is enough. Thus for fastening flexible wires to tower we
applies suspended insulators bunches I[IC1-A (type of an insulation layer is designed
for warmth. And an inner ... It can be expensive) by 8 pcs. all together. For the best
Choice of equipment on the opened distributive device: Basic elements of the (ODD)
110 kV are: disconnects (isolators), separators, shorting device, low-oil-content
switches, current transformers, dischargers, grounders unipolar. At choice of
electrical equipment in networks with voltage more than 1000 V we take into
account: function and type of devices; Structural implementation (with big size of oil,
little size of oil, air and etc.); rating voltage of device; protection current; by
disconnecting capability. Equipment must be checked up for: electrodynamics
firmness; thermal firmness. Data to the choice and verifications of equipment are
taken before current transformers in the circle of transformer on the side of high
voltage 110 kV is used for feeding relay defense of transformer. On the side of high
voltage 110 kV in the circle of transformer there are no electrical equipment, which
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feed from their second winding, that is why these transformers on the second
overload are unchecked. Voltage transformers on substation from the side of high
voltage 110 kV does not set (install), because in the circle of transformers there are
no electric equipment, which feed from the voltage transformers, and in obedience to
the norms of planning of substations in the chart of 2 blocks line- transformer setting
voltage transformers is not foreseen.

Keywords: Insulators; transformer; electric equipment.

VK 621.355.9
TEXHIUHUU [TPOT'PEC V TAJIY3I [IOPTATUBHUX AKYMVYJISITOPIB
(OIJIS1[T)

3umosuenxo B. O.
Vrpaincokuii Hayko80-00CAiOHUIL IHCMUMYm CneyianbHOi MexXHIKU ma cy0o8ux eKcnepmus
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B Ham yac gy’ke BaXKO YSIBUTH JIFOJMHY, siIka O X04 OAMH JIeHb MOTJIa OOIWTHCH
0e3 cmapTdoHa, MaHIeTa, HOyToyka, ado 1HIIOI MOPTATUBHOT €JIEKTPOHIKH, KA HAC
oTouye. Bci i mpucTpoi moeaHye ojiHe, y CBOiM OUTBIIOCTI BOHM MPAIIOOThH Ha JITIH-
10HHUX akymyJsiTopax. [Iporpec He cTOiTh Ha MiCIIi, 1 3 KOXKHAM POKOM JITIH-10HHI
aKyMYJIATOPH BIIOCKOHATIOIOTHCSI, CTAIOTh O1JBII TOHKUMHU Ta JIETKUMH, ajie HIKYIU
HE 3HUKIM MpoOJeMH 31 3AYTTSIM aKyMyJATOpPiB, B HACIIJIOK 4YOTr0 MOPTATHBHA
eJICKTPOHIKA MOKE CIaJlaxyBaTu Ta BUOyxaTu. Takox JiTii-10HHI OaTapei BTpadaroTh
Npalne3aTHICTh MPU MOBHOMY pPO3psAIi, 1 AyK€ IIBUIKO BTPAadalOTh €MHICTh Ha
XOJIOI.

Komnanis Zap&Go [1], BukopucToByroun po3podiieHi B Oxcdopacbkomy
YHIBEPCUTETI TEXHOJIOT1i, BIPOBAANIIA MPUHIUI HAKOIIUYEHHS €HEprii, IKUIl 1oJirae
B IIBUJIKOMY 3apsji HAIIPOBIJHUKIB 3a JIOMOMOIOK BYTJICLIEBUX HAHOTPYOOK.
PeBomromiifHa TEXHOJIOTiSI  JTO3BOJISIE CTBOPUTHM HOBHM TMEPCHEKTHUBHUN  BUJ
aKyMYJISITOPiB €HEeprii.

Pe3ynbpTaToM € HaJI3BUYAWHO MIBUAKE 3aps/KaHHs OaTtapei, ske 3A1HCHIOETHCS
0e3 BUKOPHUCTAHHS TOKCUYHHUX XIMIKATIB Ta PIIKO3EMEIbHUX METaliB, TaKUX SK
KOOaJIbT, M0 3aCTOCOBYIOTHCSI I BUTOTOBJICHHS JITIH-10HHUX aKyMYJISITOPIB.

OCHOBHUM MaTepiajaoM JijIsi BATOTOBJICHHS HOBOTO aKyMYJISITOpA € BYTJICIIb, SIKAN
JIETKO TOCTYMHHM B pi3HUX (popMmax. Zap&(Go BUKOPUCTOBYE BYTJICIb 3 MIKAPATYTH
KOKOCOBHX T'OpiXiB, ajle MaTepial 110 3apa3 BUKOPUCTOBYETHCS, Oye 3MIHIOBATHUCS Yy
Mipy 3pOCTaHHS MOTHUTY.

Takox 10 mepeBar KpiM MUTTEBOT 3apsiIKH CJIiJT BITHECTH T€, 1I0: 1) akyMynaTop
HE BTpayvya€ CBOK €EMHICTh NPOTITOM TEPMIHY CIIYyKOH; 2) BHUPOOHHUIITBO MOXKE
B1IOyBaTHCh Ha ICHYIOUMX MIANPUEMCTBAX, HA BHUPOOHWUYUX JIiHIA, HA SKUX
BUTOTOBJISIIOTBCA ~ 10HHO-JITIEB1  Oarapei; 3)  mependavaeTbCs  3HAYHUMH,
nporuo3oBanuii 10 30 pokiB TepmiH poboTu [2]. Ha ceoronni, Zap&Go mnpaliroe Hajl
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YETBEPTUM TOKOJIIHHSAM CBOiX aKyMYJISTOPIB, 3 Hanpyro B 4 BoabTU. [0 2025 poky

B KOMIaHIi TUTAHYIOTh BHUITYCTUTH 5 1 6 TMOKOJIHHS, JJii BUKOPHUCTaHHSA iX Yy

TPaHCIIOPTHHUX 3aco0ax.
Byrienei akyMyasTOpH MOXXYTh CTaTH 3aMiHOIO JIITIH-IOHHUM B TIpUjagax.
Kntouogi cnosa: akyMmynsTop, TEpMiH CIIy>KOHU, BYTJICIIEB1 aKyMYJISITOPH.
JirepaTtypa

[1] Pexxum moctymy: https://zapgo.com/technology/

[2] Pexum nocrtymy: https://cleantechnica.com/2019/02/01/zapgos-carbon-ion-battery-delivers-
ultra-fast-charging-zero-degradation/

YK 681.121.42
JOCJIIJDKEHHA PO3IIOBCIO/DKEHHAA VIIBTPA3ZBYKOBOI'O CUT'HAJTY
J1JI1 YTOUHEHHSI MATEMATUYHOI MOJIEJI YJIbTPA3BYKOBOI'O
BUTPATOMIPA

I'puwanosa I. A.
Hayionanonuu mexniunuu ynisepcumem Ykpainu
«Kuiscokuti nonimexniunuii incmumym imeni leops Cikopcbkoeoy, Kuis, Ykpaina
E-mail: irgryshanova@gmail.com

VY pTpa3ByKOBHI Yac-IMITyJIbCHUN MPUHIIUIT BUMIPIOBaHHS BUTPATH BIJIOMUM BXKE
JOCTaTHbO JAaBHO, aje MaTeMaTU4YHMM amapaT najis Horo peanizaiii JuIie B
3arajJlbHOMY BHUIJISIZII MICTUTH B €001 (hi3WYHI BEJIWYWHHU, SKI BIUIMBAIOTh Ha
BHUMIPIOBaJIBLHUI TpOIIEC.

Jlist GBIl TOYHOTO TPEACTABICHHS MAaTeMAaTHYHOI MOJENI YJIbTPa3BYKOBOTO
IpolLeCy BHUMIPIOBAHHS CBOTOJIHI BHUKOPHCTOBYIOTHCSI CYYacHI KOMII IOTEpHI
TEXHOJIOr1l, SKI JAl0Th 3MOTY IOKa3aTh B3a€EMOJII0 MOJENI MOTOKY MpPOTIKaiuoi
PILAMHM 1 MOJIEJI PO3MOBCIOKEHHSI B HbOMY aKyCTHYHHMX KOJHMBaHb. MoBa e mpo
3aCTOCYBAaHHS CHCTEMHOTr0 aHaii3dy pizHMX ¢i3uunHux ssuil Ha 6a31 ANSYS Fluid
Structure Interaction. Came 3acTocyBaHHSI Takoi TEXHOJIOTII TO3BONMIO €()EKTUBHO
JIOCIITUTH  PO3MOBCIO/PKEHHS  YJIBTPA3BYKOBOI'O  CHUTHANTY JJIS  YTOUHEHHS
MaTEeMaTUYHOI MOJIEN1 YIbTPa3BYKOBOIO BUTpaToMipa. B pamkax 1poro 10CiiIKeHHs
OyJ10 3p00JICHO HACTYITHE:

1.  Po3pobieHo maTeMaTH4HY MOJIETb PO3MOBCIOJIKEHHS YJIbTPa3BYKOBOI XBHII
BCEpEIMHI TPYOH 3 MPOTIKAIOUOIO PITUHOIO.

2. Mogens BpaxoBye BIUIMB YAaCTOTH YJIbTPa3ByKoOBOi XBuil (rapameTtp f), ckiany
pinvHu (TIapaMeTpu g, p), MIBUAKOCTI Tedii piauHM (mapaMmeTp V) 1 i TemmnepaTypu
(mapamerp t).

3. [IBuakicTes Tewii pimuHU OOMEXyeThcs miamazonom 0 — 10 wm/c, miama3zoH
4acToT yabTpa3BykoBoi xBuii 20 KTy — 2 MI .

4.  Pinuna Oyna 3MOAenbOBaHA y BUIVISIAI TPUCKIAIOBOTO CEpPEOBMINA, IO
MICTUTh BOJYy, IJiKoJb 1 OynpOamiku mnoBitps. Ilapamerpu wmozeni 3amai0Th
B1JICOTKOBHIA BMICT TJIIKOJIS (TTapaMeTp g) 1 Oyap0aniok moBitps (mapameTp p).

5. HMiameTp Tpyou Oyso B3siTo piBHUM 100 MMm.
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6. IIpu po3pobii Mozeni Oyso TPUHUHATO, IO XBUJIS BBOJAUTHCA B TpYyOy
MEePIEeHIUKYIISIPHO A0 ii Bicl (3 00Ky TpyOH), a BiAJ3EpKaJCHHS XBWJII BiJl TPaHUIl
CepeOBUII TpyOa/piIMHA € BIICYTHIM.

7. Ha ocHoBi po3po0biieHoi Mozen nmo0yaoBaHO (PYHKIIIIO 3aJIEKHOCTI aMILTITYIU
xBUil (QyHKINS 3aTyXaHHsS XBWJI1) BiJ BIACTaHi (mMapameTp §), BII YacTOTH
yJIBTPA3BYKOBOT XBHJII, BI/T CKJIATy 1 IIBUAKOCTI Te€Uli PiAMHM.

Pesynbratu mpenctaBieHo y BUTIIAAl GYHKINT 3aTyXaHHS XBUJI BiJ YaCTOTH JIJIS
TakuX 3Ha4eHb mapamerpiB mogmeni (s=100 mMm, t=40 tpamyciB Ilenncis mis Bcix
BHIIQ/IKIB):

a. 3anexsictb Atten(f,v,g,p,s,t) mpu v=0 m/c, p=0, g=0-100% 3 kpoxom 20%.
b. 3anexnicts Atten(f,v,g,p,s,t) npu v=5 m/c, p=0, g=0-100% 3 kpoxom 20%.
c. 3anexnicts Atten(f,v,g,p,s,t) mpu v=5 M/c, p=0-50% 3 kpokom 5%, g=20%.
d. 3anexnicts Atten(f,v,g,p,s,t) mpu v=5 m/c, p=0-50% 3 kpoxom 5%, g=40%.

Pesynprat MopmemoBaHHS ab00 Tak 3BaHOTO YHCEIBHOTO EKCIEPUMEHTY
JEMOHCTPYIOTh TOYAaTOK TMPOIECY OTPUMAaHHS 3HAHb MO0 PO3MOBCIOIKCHHS
BUCOKOYACTOTHUX TMyJibcallii B PIAMHI 1 1X B3aJIEKHOCTI BIJI TE€OMETPUYHOI
KOH(irypailii BUTPaTOMIpHOi IUISHKUA. B mopanbIioMy 1€ AacTh 3MOTY IMPOBOAUTH
O1BII JeTaabHI AOCIIKEHHS MMOBEAIHKHA YJIBTPa3BYKOBOTO BUTPATOMIPY 3a PI3HHUX
YMOB HOTO eKCIuTyaTallii, 0coOJMBO, KOJIM MOBA iijie PO BIUIMB aCUMETPIi MOTOKY 1
BUXOPOYTBOPEHb HA TOYHICTh BUMIPIOBaHb.

Knouosi cnosa: ANSYS, CFD, Fluid Structure Interactions, ynbTpa3ByKoBUI
BUTPATOMIp, YaC-IMITyJIbCHUM MTPUHIIUIT BUMIPIOBAHHS.

YAK 621.311
USING OF ASCA FOR THE HARMONIC’S SOURCES IDENTIFICATION.

Filyanin D.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey, Kyiv, Ukraine
E-mail: daniel flwrambler.ru

One of the most important components of the electricity market is its instrumental
support. It is a set of systems, devices, communication channels, algorithms, etc. for
monitoring and controlling the parameters of energy consumption and power supply.
The base of the formation and development of instrumental support are automated
systems of commercial account of electric power (ASCA).

The main component of modern ASCA is multifunctional electronic energy meter
with current and voltage transformers. The counters measure, registers and
accumulates data on consumption and generation active and reactive energy and
apparent energy. Also, modern electronic counters have a functions of energy quality
analysis.

To make a power quality control system with the option of identifying harmonic
distortion sources and measuring the rate of participation of elements of distributions
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system in process distribution of higher harmonics power, modification of the
operation algorithms of counters is required.

Most modern electronic counters are designed with applying ICs Analog Devices.
Among them there are ICs with the possibility monitoring power quality parameters,
in in particular, the calculation of THD (Total Harmonic Distortion). For example,
ADE9000 [1] and the family ADE78xx [2]. Its functionality includes the availability
of a flexible buffer for storing samples of current and voltage signals for the purpose
of further processing by external digital signal processor (DSP).

ADExxxx Dsp

MISO/HED

MIEO
CF3/HSCLE

BCE
SE3/HBA 28

Figure 1. Connection circuit of the
counter IC ADExxxx to an external DSP

Figure 2. Control-flow chart analysis of
current and voltage signals by a
counter [3]

Cexuyia 8. EHEPI' O3bEPEKEHHA. EHEPIOEDQEKTUBHICTA.

The buffer stores from 8 to 80 ms of
information depending on sampling rate.
For data transfer to an external signal
processor, a special interface HSDC
(High Speed Data Capture) is provided.
A DSP is integrated in the energy
counters ICs, but its capabilities are
limited.

Fig. 1 shows the connection circuit of
the counter IC to an external DSP.

Further harmonic analysis of the
current and voltage signals is carried out
by an external signal processor according
to the algorithm shown in Fig. 2.

Keywords:  ASCA, nonsinusoidal
conditions, power quality, harmonics,
identification of distortion sources.
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YAK 681.121
OPERATION MODELING FEATURES OF TURBINE TYPE FLOW RATE
TRANSDUCERS

Anna Pysarets
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
E-mail: anna.v@ukr.net

The instruments based on turbine flow rate transducers take a certain part of the
instruments market for measuring liquids flow rate and amount for many years. Such
instruments are widely used in housing and communal services, petrochemical, fuel,
energy, food and other industries. This is due to the advantages of the method such as
high accuracy, reliability, the ability to directly obtain a frequency-modulated signal,
the design simplicity and adaptability, small pressure losses. The presence of a
movable element in the flow transducer design is the main disadvantage of these
instruments today.

But the sensitive element (SE) shape as well as the flow part configuration
provides the metrological characteristics of turbine flow meters and meters.

The aim of the research is to define the spatial shape of the sensitive element SE
that provides the best measurement accuracy in the flow rate variation range.

Modern production technologies and materials on the one hand and the
computational fluid dynamics rapid development on the other hand make it possible
to create any spatial form of the SE.

Sensitive elements of two different spatial forms were selected to achieve the
goal:

— aturbine which is a cylindrical hub with helical blades;
— a turbine with a coaxial ring mounted on the SE middle radius, its thickness is
equal to the blade profile thickness.

The studied SE varieties are considered under conditions of identical general
structural parameters such as characteristic radii, number of blades and other overall
dimensions. This makes it possible to install them in the same transducers.

The measurement process for this type flow transducer is described by the
equation of SE rotational motion under the flow action. The components of this
equation are functions of the measuring medium flow properties, the configuration
parameters of the instrument body and the SE. In this case such properties of the
measured medium flow as temperature, pressure, density, viscosity, speed are taken
into account. The configuration parameters of the instrument body are the radii and
lengths of the flow tube characteristic sections. The SE is characterized by the
number of blades, the angle of their inclination, the blades height and thickness, the
turbine axial length.

The most important elements of such transducer’s mathematical model are the
driving torque from the measuring medium incoming flow and the SE inertia
moment.
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The turbine type transducer feature is the creation by structural elements of the
annular channel for the measuring medium flow. It’s created by the SE hub radius
and the inner radius of the body measuring part.

Therefore, it is necessary to take into account the measuring flow movement in
the annular channel when creating the transducer mathematical model. This effect is
displayed in the mathematical model of the torque. The annular channel characteristic
size 1s the radius corresponding to the maximum flow velocity [3]. This parameter
combines the flow transducer design parameters with the hydrodynamic properties of
the measured flow and is the function of the radii forming the annular channel.

At the same time the torque from the measured medium flow is formed at the
height of the SE blade which is determined by the difference between the turbine
outer radius and the hub radius.

In the general case the expression describing the indicated moment has the form

M=f(a1, a, ..., A, b], bg, veey bm), (1)

where, a;, a,, ..., a, — are the characteristics of the measured flow; b;, b, ..., b,, —
geometric features of the transducer flow tube.

The studied SE moments of inertia are determined based on the inertia of their
individual components (hub, blade), their number and relative position in spatial
form. In this case the measured medium masses attached to the SE are taken into
account [4]. In addition to the SE geometric characteristics the required components
of the moment of inertia are the material’s density, as well as the medium flow
density

J:f(C1, Cr ..., Cp, d[, dz, veey dq), (2)

where, c;, ¢, ..., ¢y — geometric parameters of the SE spatial form; d;, d>, ..., d, — the
SE material density, the measuring medium density, the attached masses coefficients
of the SE parts.

Expressions (1) and (2) obtained for the studied SE varieties became the basis of
the corresponding transducers mathematical models.

The research results of the measurement error of the flow transducers with
different SE are presented in the report. These results are obtained by mathematical
modeling.

Key words: turbine type flow rate transducer, sensitive element, spatial form,
measurement error.
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YAK 621.121
BPAXYBAHHS OCOBJIMBOCTEN ITPO®IJIIB IIBUAKOCTEM [TOTOKY ITPU
MATEMATUYHOMY TA KOMIT'IOTEPHOMY MO/JEJIFOBAHHI
BUMIPIOBAJIBHUX ITEPETBOPIOBAYIB BUTPATU
[NIMHHNX CEPEIOBUII]

Jlpauyk O. O.
Hayionanvnuu mexuiunui ynieepcumem Yxpainu
«Kuiscoxuu nonimexuniunuu incmumym imeni leops Cikopcvkoeo», Kuis, Ykpaina
E-mail: o.drachuk@kpi.ua

MeTponoriuai XapakTepUCTUKU JIYMIBHUKIB Ta BUTPATOMIPIB OKPECIIOIOTHCS
METOJJaMU BHMIpPIOBaHHS, SKi TOKJIAJIeHI B OCHOBY iX TOOyIOBH, yMOBaMH
eKCIUTyaTallii, ¢i3MYHUMHU BIACTHBOCTSMH BHMIpPIOBAHOTO cepenoBuIna Tomio. Jlis
3MCHILICHHS! BEJIMYMHU HEBU3HAYCHOCTI BUMIPIOBaHb BUPOOHUKM TPHIATIB Ta
HAYKOBIII TIOCTIHHO NIYKAalOTh MOXJIMBOCTI, TPOBOAATH HOBI PO3paXyHKH Ta
JocaimkenHs [1, 2].

Jlo TexHoNOrYHUX (aKTOpiB, IO BIUIMBAIOTH Ha POOOTY BUMIPIOBAIBHUX
NIEPETBOPIOBAYIB BUTPATH HAJICKATh 3aKPydyBaHHS MMOTOKY, PO3MOILT IIBHIKOCTEH Yy
MOTIEPEYHOMY TIepepi3i MOTOKY, AUHAMIYHI XapaKTEPUCTUKH MOTOKY, IyJbCallii
BUTpPATU Ta TUCKY B MOTOL, ra30Bi Ta TBEPAl BKIIOUEHHS B PiAUHI, TiApaBIiuHI
ynapu, (i3uvHI BIACTUBOCTI Ta iH.

Sk mpu HATYpHHX AOCHIDKEHHSIX, TaKk 1 MPH BIPTyaJbHOMY MOJEIIOBAaHHI
MpoIecy HpOTiKaHHﬂ BHMip}OBaHoro CepenoBuIIa, HEOOX1THO 3HATH, KU npoq)inb
MIBUKOCTI Y BHUMIPIOBAJIbHIM IUIOMIMHI Tpuiaay. jis 1bOro HpOBEICHO aHami3
ICHYyIOUMX MaTeMaTHYHUX Mojeled mpodiTiB  IMBHAKOCTEH TMOTOKIB, SKi
JOCTIKYBAIHMCH Ta IPOMOHYIOTHCS JJI1 BAKOPUCTAHHS PiI3HUMHU HAYKOBIISIMH.

IIpocTopoBHii PyX IOTOKY OMMCYEThCS CHCTeMOIo piBHsHb HaBbe-CTokca. Moro
JIOTIOBHIOIOTh PIBHSHHSAMH HETIEPEPBHOCTI Ta 30epekeHHs eHeprii. BupimenHs Takoi
CUCTEMH DIBHSHb — OJIHE 3 HAaWBaXJMBIIMIMUX 3aBJaHb TipO- Ta30-AMHAMIKK Ta Ha
CHOTOJIHI MOXKJIMBE JIMIIIE 3 BHECCHHSIM MEBHUX MPUITYIIEHb JJII KOHKPETHUX YMOB Ta
MOMEHTY 4acy.

Hocnian Hikypanze mokasanu, mio Kpaiie BChOTO JIJIsl OCECUMETPUYHOTO TTOTOKY
npo( ik MBUIKOCTI ONMUCYETHCSA PIBHAHHAM [3]

Vr :Vmax (1 -ij 2
R

7€ V, — IBUAKICTh y OyAb-sIKii TOYII epepi3y Ha BIACTaHI 7 BT IEHTPA;
Vmax — OChOBA IIBUJIKICTh y IICHTPI;
R — BHyTpimHIN pagiyc Tpyowu;
m — IIOKAa3HHUK, 110 3aJIEKUTH Bij uncia Re.

OnHi€ero 3 HAUOUIBII BIIOMUX TE€OPi TYpOYJEHTHOCTI € Teopis, 10 po3podIieHa
Ilpanomnem. 1IBuakicTh B OyAb-fAKIH TOYIN Iepepidy HWIHAPUYHOI TpyOH Ha
BIJICTaHi 7 BiJ il 0Cl BU3HaYa€eThCA 3a (popmynoro [4]
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*

\% R
v=v,-—In—oj,

x R
1€ Vv, — OCbOBA IIBUJKICTb;

Y — KO€(ILIEHT, 1110 BU3HAYAETHCS JIOCTITHUM HIISTXOM;
v' — IMHAMIYHA BUIKICTh.

B nmomoBiai Takoxx mpencTaBiieHO pe3yabTaTh aHamizy Gopmyn Anpimtyns A. 1.,
Canawmi JI. A. ta 6a3ucHuX QyHKIIN A1 CAMETPUYHHUX TMOTOKIB [5 — 8.

Knrouosi cnosa: BuTpaTroMeTpisi, MOJIeIi TOTOKIB, MOJICITFOBaHHS TIOTOKIB.
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AKTyaJIbHOIO Ha ChOTOJHI € MpoOJieMa BUCOKOTOYHHUX BHMIPIOBaHb BUTPATH Ta
KUTBKOCT1 PiJIMH 1 Ta3iB, BKJIIOYAIOYH BCl 1i aCIEKTH BiJ PO3POOJICHHS 1 TOCIIIKECHb
BUMIpIOBAJIbHUX TepeTrBopioBayiB Butpatu (BIIB) no moGynoBu By3niB 00Ky B
KOHKpeTHHX yMoBax ekciuryarauii. Ognumu 3 BIIB, mo BukopuctoByrOTHCS UIst
00Ky pIAMHHO-Ta30-(a3HUX TOTOKIB 3a PI3HUX PEXKHUMIB IX TNPOTIKAHHA, €
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rigpoaunamivni (I'J1) BIIB [1, 2]. Tlpuamun aii I'J] BIIB 6a3yetrscst Ha 3a1€KHOCTI
nepeMimieHdss abo kojuBaHHsA wyTiuBoro enemeHty (YE), skuit posmimieHo y
IUTMHHOMY CEPEIOBHILII, BiJl BEIMYMHU T1IPOIMHAMIYHOIO HATUCKY NOTOKY [1-3].

INapoaunamiuaum BIIB mputamanHi psig nepeBar nepej 1HIIUMU MPUIaJlaMu:
BHUCOKI TOYHICTh, HAJIWHICTh Ta MIBUIAKOIS (Majia IHEPLINHICTD), MUPOKUH J1ama3oH
BHUMIPIOBaHHS, KOHCTPYKTHBHA MIPOCTOTA, 3pyYHICTh OOCIyTOBYBaHHS, HE3aJIEKHICTh
MOKa3aHb BiJl CTATUYHOTO THUCKY Y TE€XHOJOTIYHIM MepexXi, BUCOKA MOBTOPIOBAHICTb
pE3yNbTAaTIB BUMIPIOBAHHS.

Hns  ctBopenns edextuBamx [ BIIB 3 BucokumMu MeTpOJIOTIYHUMH
XapaKTepUCTHUKAMU HEOOX1HO MPOBECTU iX OMTHMI3AI[I0 LUISIXOM BUOOPY 3HAUYEHD
napaMeTpiB  KOHCTPYKIIH, CTBOPEHHSIM BHUMIipoBajibHOro KkaHamy 1 YE 3
palioHAIbBHUMHU OOTIYHMMH ¢dopMaMu, MPU MIHIMI3AIIl BTpAaTH €HEPrii MOTOKY 1
MaKCUMaJbHI YYTJIMBOCTI, HE VYCKJIQJHIOIOYM TMpPU LbOMY TEXHOJOTII0 IX
BUTOTOBJIEHHS, 3MeHIIIeHHs 4yTiuBocTi BIIB no HeomgHopimHOCTI Tpodiit0 MOTOKY
Ha BXOJIl Ta MepeXiAHOT 30HN MIXK JJaMIHAPHUM 1 TypOyJIE€HTHUM pekuMamu [4].

Hocmmkennss ['J[ BIIB 3miiicHioBanucs TphOoMa MNUISIXaMH: a) IM0OYI0Ba
MaTeMaTHYHOI Mojiesl iX poboTh 1 Ha ii 0a3l BU3HAUECHHS IUILOBOT (YHKIIII,
NPOEKTHUX TMapaMeTpiB Ta iX TPaHUYHUX YMOB 1 MPOBEACHHS ONTUMI3ALIIHUX
po3paxyHkiB [4, 5]; ©6) OLIHIOBaHHS METPOJIOTIYHUX  XapaKTEPUCTUK 1
HOIATBEP/UKCHHS. OTPUMAaHUX pEe3yNbTaTiB  ONTHMI3allii IUIIXOM BIPTYaJIbHOTO
MonentoBaHHsl 13 3actocyBaHHAM CFD-texHonoriii B CKIHUEHHO-E€JIEMEHTHOMY
nporpamHoMmy kommuiekci ANSYS [3, 5, 6]; B) HamiBHaTypHi BUIPOOYBaHHS 1
OILIIHIOBAHHS aJ€KBATHOCTI PO3pOOJIEHOT MaTeMaTHMYHOI MOJENi Ta pe3yJbTaTiB
BIPTYaJIbHOTO MOJICTTIOBAHHS.

OuiHioBaHHS B3a€EMOJIl TUIMHHOTO HEOoJHOpiaHOro moToky 1 YE pi3HOL
IPOCTOPOBOI KOHGIrypalii Ta HOro BIUIMB Ha MACHOPTHI XapaKTEPUCTUKHU MPUIIATY
npoBOAWIKCS 3 TiepeTrBoproBadyaMu, YE sakux MaTh OOTIYHI MOBEPXHI pPI3HOT
raycoBoi KpHWBHU3HHU: HYJbOBOi (IWJIHIpP), J0AaTHHOI (KOHYC) Ta BIJ €MHOT
(mopoxuucra HamiBchepa) [3]. s BkazaHMX MOJCIEH IPOBEJIECHO YHCEIIbHE
MOJICTIOBaHHSI 3 BH3HAYCHHSM TMOXMOOK BHUMIPIOBAHHS 3aJeKHO BIJ KyTa ix
MPOCTOPOBOi OpIEHTAIlll Ha TEXHOJOTIYHI MEpexl Ta BIACTaHI BIJ MICIIEBOTO
TIPaBIIYHOTO OTIOPY.

B nmomoBini po3rasHyTi pe3ynbTaTi npoBeaeHux gocaimkens '] BIIB 3a piznoro
HOTO JIOKQJIBHOTO PO3MIIMIEHHS MMICIS TIAPAaBIIYHUX OMOpiB: KOHGY30p, audy3op,
panToBi PO3IIMPEHHS Ta 3BYKEHHsI, POCTE Ta MPOCTOPOBE KOJIHO.

KpuBi moxubGok MO MPOTSHKHOCTI BHUMIPIOBAHOTO KaHATy MalOTh OJHAKOBHIA
XapakTep 1 OJHO3HAYHO XapaKTePU3YIOTh 3aJICKHICTh TOYHOCTI BUMIPIOBAaHb BiJ
riIpOAMHAMIYHOI KapTUHU MOTOKY. Lle Hamae 3Mory npuiiMaty mpaBUJIbHE PIILIEHHS
10 JI0 JIOKAJIbHOTO MTPOCTOPOBOTO PO3MIIIEHHS PUJIAy Ha TEXHOJIOTTYHIN Mepexi, 3
METOI0 3a0€3MeUYEeHHS] BUCOKOT TOUHOCTI BUMIPIOBaHHS! BUTPATH.

3a pe3ynbTaTaMu METPOJIOTIYHUX JOCHII)KEHb BHUIUIMBAE, 110 MEPETBOPIOBaYl 3
OOTIYHUMU TUIaMH Yy (OPMI KOHYCY MEHII YyTJIMBI JI0 aCUMETPIi MOTOKY, HIXK CXeMa,
3 UE, sikuit Mae Tija 00TikaHHS y PopMmi AUCKY Ta TOPOKHUCTOI HamiBCepH.
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OTtpuMaHi pe3yJabTaTH TECTYBaHHS IUIIXOM MAaTEMAaTHYHOTO Ta YHCEIBHOTO
MOJIETIOBaHb TOPSA 13 CTEHIOBUMH BUIPOOYBAHHSIMHU BKa3YIOTh Ha BUCOKHU PIBEHBb
BIJIMOBIAHOCTI TEOPETUYHHUX Ta €KCIIEPUMEHTATBHUX JOCTIIKEHb, BU3HAYAIOTh MICIIS
JOIIJILHOTO JIOKAJIbBHOTO PO3MIIIEHHS] MPWIAIIB B TEXHOJOT1UHIM Mepexi. [{g Te3a
OKPECJIIOE HAJ3BUYAHO BaXJIMBE JUISI TPAKTUKKA YCBIJIOMJICHHSI JIOLUJIBHOCTI
3aCTOCYBAaHHS TEpPETBOPIOBAYIB B €JUHO CIYIIHUX, 3 TOYKH 30py TOYHOCTI
BHUMIPIOBAHHS, JIOKAJIBHUX MICIX TEXHOJIOTIYHOI Mepexi, 0e3 oryisiy Ha BUMOTHU B
NacmopTi Ha MpWIaJ, SKI BUMAaraioThb HEOOXIAHI MPOTSHKHOCTI MPSMUX JUISTHOK
TPYOOTIPOBOIIB A0 1 MICHS IPUIIATY.

Knrouosi cnosa: BuTpara, riipoauHaMiuHi IEPETBOPIOBAYi, MOEI1 MOTOKIB.
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